Replicative senescence in organ transplantation-mechanisms and significance.
In the past two decades, transplantation has become a preferred modality of treatment of end-stage failure of vital organs. Currently, with the significant improvement in short-term graft survival rates, the main effort is concentrated on prolonging the functional life span of transplanted organs. One of the theories which were put forward to explain the progressive deterioration of transplant function was that of replicative senescence. Senescence of an organ or tissue results from age and/or environmental stress-dependant modification of cellular function. With time, the accumulation of cellular alterations may lead to deleterious effects in various organs and tissues and adversely affect transplants. In this article we are reviewing the candidate mechanisms of senescence such as telomere shortening, genetic regulation and environmental-'toxic' factors and are examining the implications of the theory of replicative senescence for organ allograft. We are also presenting our experiments with renal ischemia/reperfusion in rat serving as a model of kidney transplantation, where baseline kidney telomere length and novel marker of cellular senescence--senescence associated beta-Galactosidase (SA-Gal) expression in tissue served as markers. For the first time in vivo, we were able to show that with aging of the animals the amount of senescent cells in kidney tissue was increasing, while the average renal tissue telomere length was decreasing. The degree of tissue senescence, as determined by amount of SA-Gal positively stained cells, was inversely correlated with the recovery of the kidney function after ischemia/reperfusion injury. These results confirm the theory of replicative senescence in organ ischemia for the first time in vivo, and quantitatively validate the direct correlation between the amount of senescent cells in the organ and its susceptibility to ischemic injury. We conclude that recent advances in study of the cellular basis of senescence, in vitro and especially in vivo, may hold clues to the understanding of events which could be implicated in the damage or protection of organ allografts.